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Abstract
A large volume of environmental science and pollution research has focused on the contri-
butions of various forms of energy consumption to emissions. However, little attention is 
given to the impact of human activities such as tourism. Hence, this study investigates the 
impact of tourist arrivals, energy use, and economic growth on  CO2 emissions in the G7 
countries for the period 1995–2018. The study employed the use of dynamic panel esti-
mations, namely dynamic ordinary least square, fully modified ordinary least squares and 
panel pooled mean group-autoregressive distributed lag model (PMG-ARDL) estimation 
techniques to establish long-run and short-run relationships between the study variable of 
interest, while the Dumitrescu Hurlin non-causality test was used to test for causality direc-
tion among the variables outlined. Empirical findings from the regression revealed that 
economic growth, tourism and energy use are strong drivers of emission levels in the G7 
bloc, while the causality analysis revealed that there is unidirectional causality from  CO2 to 
energy use,  CO2 to economic growth (GDP) and GDP to tourist arrivals. These outcomes 
imply that tourism, energy use and economic growth have no direct effect on emissions, 
but rather emissions predict economic growth and energy use. Furthermore, tourist arriv-
als predict energy use; economic growth predicts tourism. Overall based on the study of 
empirical outcomes, we suggest that to achieve more significant results in reducing emis-
sions, governments of the G7 countries should continue to emphasize green tourism as 
well as increase the share of renewable energy in their regional energy mix. More policy 
direction was outlined in the concluding section of this study.
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1 Introduction
The Group of Seven (G-7) is an intergovernmental association comprising of Canada, 
France, Germany, Italy, Japan, the UK and the USA. The heads of the legislature of the 
part state, and the delegates of the European Union, usually meet at the yearly G7 Sum-
mit to talk about global problems such as economic crisis, fiscal system and other burning 
issues. Starting in 2018, the G7 addresses 58% of the worldwide net abundance ($317 tril-
lion) over 46% of the worldwide total national output (GDP) because of ostensible qualities 
and over 32% of the worldwide GDP dependent on purchasing power parity (IMF, 2017). 
The early function of the group of G7 is to increase the economics of its member countries 
as well as the global economy (Bayne, 1998).
According to the World Economic Forum (2016), the G7 was ranked as the high-
est developed economy with higher economic growth (GDP) rating and the world’s most 
prominent export nations. Also, in the Global Competitiveness Index, the USA is ranked 
third behind Switzerland and Singapore. This is because of her potential for growth, greater 
business share and solid monetary structure. Germany has ranked in the fourth position 
thanks to her employment rate and fiscal well-being. Japan has also won the sixth posi-
tion in its research and development operations. As for the UK, the rank was the tenth 
position, because the nation’s key strength lies in privately managed alliances, an active 
legal mechanism, knowledgeable and professional labor and technical innovation. Canada 
rates 13th and handles higher expenditure on proper education and wellness. France is in 
22nd position, thanks to its sustainable economic growth, reliable services, higher learning 
investment and a stable revenue base framework. Italy has won the 43rd position due to 
government changes and community development, supported by flexible fiscal policy and 
rising internal competition, which stimulates investment by businesses to boost competi-
tiveness (World Economic Forum, 2016).
However, no nation will progress without an adequate vibrant economic structure con-
tributing to such a nation’s economy. This required sustainable development growth from 
different sectors of the economy such as the health sector, energy sector, international 
travel and tourism, which is the main variable in this study. Travel and tourism are insepa-
rable because mobility in one produces a surmountable effect in another (Trend, 2014). 
That is, tourist activities required international travel, either by road, water or aviation, for 
the tourist to transit across the globe. So, in this study, the two are used interchangeably to 
refer to the same meaning. Considering the relationship between travel and tourism, $896.9 
billion of the $2.7 trillion of the GDP of the airline industry was accounted for by activi-
ties that induced tourism. This means that only the airline industry contributes 3.6% of the 
global GDP (ATAG, 2019). In addition, according to Wikiversity (2016), the second larg-
est industry in the world is travel and tourism. Bearing this in mind, the economic growth 
of a large number of countries and nations was significantly contributed by the travel and 
tourism industry. Considering the rapid increase in international tourism demand over the 
last few decades, it can be conjectured that international travel is the major reason behind 
economic growth, having about 10 and 7% of the world economy and exports, respectively 
(UNWTO, 2016). In support of UNWTO statistics, the Economic Influence Survey of the 
World Travel and Tourism Council (2016) also illustrated the overall commitment of trans-
portation and hospitality, which amounts to around US$ 7.2 trillion (estimated 9.8%) of 
global GDP. It goes on to indicate that the sector has generated almost 1:11 employment on 
the planet which demonstrates the creativity of this industry to elevate the standard of liv-
ing of people, who rely on the industry.
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Streamlining to G-7 countries, Fig. 1 reveals the number of international tourism arriv-
als in 2019 by the top 10. Of these, five out of G7 countries made the list which France 
having the maximum number, attracting 89.4 million tourists, followed by the USA attract-
ing 83.5 million tourist arrival after Spain which attracts 85 million international arrivals. 
The figures also denoted that France attracted. In this context, G7 countries are one of 
the most visited countries in the world. According to the Euromonitor International report 
(2014) and Brilliant Maps (2015), 4.7 million visitors have toured two major locations in 
Canada, Toronto as well as Vancouver, whereas Paris in France welcomed about 12 million 
visitors in 2015. Further, the main locations in Italy, such as Rome, Florence and Venice, 
got 13.7 million visitors visiting such locations. Tokyo in Japan (3.7 million visitors), Lon-
don in the UK (15.5 million visitors) and numerous locations in the USA, such as New 
York City, Las Vegas, Miami, Los Angeles, Orlando, San Francisco, Honolulu and Wash-
ington D.C., also attracted 39.9 million tourists in 2015.
This is expected that perhaps the G-20 members would surpass before 2026, as China, 
Germany, the USA and the UK would continue at a faster pace which will be the largest, 
four industry leaders, by 2026 over international air investment.
The numerous visits and attractions caught the eye of policymakers to maintain and 
develop tourism facilities for wide-based development in the field. These facts support the 
importance of travel and tourism in improving the economic sector. Accordingly, Stynes 
(1998) posited that the overall impact of tourism represents the revenues and earnings of 
businesses, who are actively involved in tourism operations. Except for overnight visits, 
international visitors trip in accommodation and eventually boost the hotel revenues and 
profits, thereby easing the cumulative tax burden of the hotel, thus providing  advance-
ment  to the progress of the country. Another influence of tourism is that an increase in 
tourism activities creates employment possibilities at a tourist destination, thus boosting 
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Fig. 1  Top 10 international tourism arrivals by country. Source: The United Nations World Tourism Organ-
ization (UNWTO)
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UNWTO forecasted that international tourists’ arrival is expected to rise to 1.8 billion by 
2030. However, although travel and tourism contribute to 7% of global exports and 10% of 
global GDP, it also produces 5% of world  CO2 emissions, thereby causing environmental 
harm. As a result of the sheer volume of tourism products, negative impacts occur especially 
when the number of visitors is greater than the environment’s ability to cope with the visi-
tor volume. Mbaiwa (2003) claimed that even the deterioration of the industry in ecosystems 
contributes to the rise in environmental quality, which includes viable strategy solutions to 
rebuild tourism destinations. Gao and Zhang (2019) verified the foreign investment-induced 
EKC phenomenon throughout various  Mediterranean  communities using certain informal 
assumptions, i.e., the Northern Zone validated the feedback phenomenon regarding tourism-
led development or even energy usage, whereas the Southern Zone has a tourism-led develop-
ment theory, showing clear strategy assumptions for developing tourism facilities in the cor-
responding states. Balli et  al. (2019) have highlighted the involvement of the green leisure 
industry in reducing greenhouse gas pollution across nations. This restricted position of tour-
ism is related to complex causal interlinkages that endorse whether the feedback assumption 
and/or the tourism-led development assumption in the country description. Saint Akadiri et al. 
(2019) used globalization throughout international tourism as well as energy usage modeling 
to verify the moderating role of globalization in the fulfillment of the EKC theory, which is 
crucial to the achievement of the nation’s environmental sustainability targets. Liu et al. (2019) 
endorsed a green tourism policy that helps minimize greenhouse gas pollution, whereas the 
ongoing EG and energy requirement are expected to be the key corollaries that dramatically 
raise carbon pollution around the region. Sustainable green strategies are also crucial to rising 
adverse external costs that can be sponsored economically by the green tourism campaign. 
Shaheen et al. (2019) indicated such a necessity to develop international tourism facilities by 
increased energy sustainability or even electricity consumption, which will vastly increase 
international tourism sales, which are further redistributed in enhancing ecological standards 
and connectivity throughout nations.
Given the foregoing trajectory, this study aims to examine the effects of international tour-
ist arrivals on pollutant emission in G7 countries. Given that travel and tourism consume 
energy to contribute to the gross domestic product, which measures the economic growth 
of a nation (Abdulnasser, 2019), this study also incorporates energy consumption and GDP 
effects on pollutant emission in G7 countries. Global warming is the primary concern of the 
G7 reform ideology, which provides innovative reform mechanisms to reduce greenhouse gas 
pollution. Habitat destruction, degradation and ecological violence are critical concerns that 
need to be tackled by green policy to support wide-based development. Hence, it is important 
to examine how pollution generated by these visitors affects the environment in the long run. 
Furthermore, the findings also provide a better image of the tourism business in the countries 
from an ecological point of view to influence the course of legislators and governing agencies.
The remaining chapters are structured as follows: Sect.  2 outlines the literature review; 
Sect. 3 addresses approaches and methods; Sect. 4 discusses the results and implication of 
research findings; finally, the conclusion is presented in Sect. 5
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2  Review of literature
2.1  Theoretical framework
While achieving sustainable economic growth, developing countries are on the verge of 
expanding sources of income generations for their states. This could be in the form of 
increasing nations wealth through maintaining higher growth domestic product, which, 
itself, cannot happen if there is no adequate source of income from various means such 
import and export industries, tourism industry which cater for international tourists’ 
arrivals, foreign direct investment, etc. However, these means, especially international 
tourist arrival, which, according to the United Nation World Tourism Organization, con-
tribute to almost 10% of the world GDP required large consumption of energy (renew-
able or non-renewable energy) to happen, and the release of toxic chemicals from the 
energy consumption harms our environment to an undesirable or abnormal extent.
As clearly outlined by the UNWTO there has been a global increase in the influx of 
international inbound and outbound tourism for recreation and its inherent benefit for 
national development. This trajectory of international tourism arrival is seen to increase 
energy demand, especially in tourism-dependent blocs. Thus, validating the twin growth 
hypotheses of both tourism and energy-led growth hypotheses (Cheam et  al., 2013; 
Katircioglu, 2014). The theoretical motivation for this study stems from the tourism-
induced environmental degradation preposition which is anchored the trade-off between 
economic expansion and environmental quality in terms of long-run and causality anal-
ysis in our study case for the G7 bloc (Adedoyin & Bekun, 2020). The intuition is linked 
to the fact that both tourism inbound and outbound have been outlined as core drivers 
of global emission as tourism development attract more energy consumption especially 
non-renewable energy consumption and which induce emission level. This phenome-
non aligns with the EKC concept that highlights the trade-off between GDP growth and 
environmental degradation. In our study case, the conventional EKC framework is aug-
mented by both conventional energy from fossil fuel and international tourism arrival 
on emission level.
Furthermore, Gossling (2013) has reported that tourism leads to 5–15 percent of total 
greenhouse gas pollution. The reason is that tourism is a much more energy-intensive 
field that explicitly or implicitly consumes power, electric power, gas, coal, fuels and 
produces greenhouse gases, in particular carbon emission. Gossling and Peeters (2015) 
indicated the effects of the energy usage for a specific tourist ride generate pollution 
of 0.1–260  kg of  CO2 emission. Moreover, 1.12 Gt of  CO2 emanation also remained 
released worldwide during 1900–2010. In this context, the reasons for abnormalities in 
environmental qualities are necessitated by environmental degradation caused by green-
house gas discharge such as carbon dioxide, nitrogen oxide, water vapor. As a result, 
climate warming and greenhouse gas emissions have remained at the forefront of debate 
throughout the research on ecological and energy economics. So far, several research-
ers have sought to figure out the predictors of  CO2 production which have been tested 
throughout various circumstances. Also, considering the gross domestic product and 
energy consumption, scholars have inferred contradictory conclusions by using separate 
factors and processes, resulting in inconsistent findings (Adedoyin et al., 2020a, 2020b; 
Kirikkaleli et al., 2020; Udi et al., 2020), while each portion of the report was meant to 
address key issues that made a significant contribution to policy direction.
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2.2  Tourism and pollution nexus
Global tourism involved traveling to areas of outdoor appeal and excitement, where the 
atmosphere is good, and the brain is refreshed. It is vital for the outstanding growth 
of several countries across the continents for green sustainability (Azam, & Abdul-
lah, 2021; Balsalobre-Lorente et  al., 2020, Hunter & Green, 1995; Hughes, 1996); 
Lukashina et  al., 1996; Pigram, 1980. Currently, tourism on the planet requires vari-
ous transport services, namely air travel, motor vehicles and vacation vessels, and many 
more, which need vigor supplies to function. The partnership regarding the interconti-
nental vacation industry and green sustainability cannot however be deemed to be eco-
friendly. To endorse this claim, Gossling (2002) claimed that 94 percent of the exposure 
to worldwide change is attributed to the transport industry. Gossling and Hall (2006) 
investigated the correlation regarding inbound tourism in addition to the air contami-
nation and found that much of the air contamination is caused by the travel business. 
Peeters et al. (2007) examined that inflight travel and foreign tourism industry are the 
major sources of airborne contamination. In the same vein, Byrnes and Warnken (2006), 
Howitt et al. (2010); Lin (2010), Scott et al. (2010) researched the interaction between 
tourism and ecological pollution. Their results found that the pollution is caused trans-
portation and airline industry.
Adhering to UNWTO (2008) report, 75 percent of the  CO2 pollution from the tourism 
industry are generated by transport (in general 40 percent by in-flight travel, 30 percent 
by vehicle and 3 percent by other travel), thereby 21 percent than 4 percent by lodging 
and visitor operations, however. Howitt et al. (2010) noticed that transportation by cargo 
vessels is more harmful to pollutants than mid-flight travel. Many scholars have estab-
lished econometric estimates of the effect of tourism-based variables on  CO2 emissions. 
Katircioglu (2014) illustrated Turkey in place of tourism destination enjoyed 30 million 
visitors per year. Katircioglu listed electricity usage as an external aspect for the vaca-
tion industry which causes also  CO2 emissions. The result shows that a 1% increase in 
visitor presence generates 0.10 percent of  CO2 pollution in the extended term. Related 
research in Cyprus finds that a 1 percent rise in tourist presence contributes to 0.03 
percent  CO2 emissions (Katircioglu, 2014). Scott et  al. (2010) researched the poten-
tially extraordinary production of  CO2 with tourism. They estimated that the tourism 
sector may be the world’s largest producer of greenhouse gases in the atmosphere in the 
foreseeable future, thus concluding that major policy effects and realistic improvements 
in air transport would be a way to correct the situation. Aissa et al. (2014) deemed the 
connection regarding greenhouse gas pollution, economic development, green energies 
and the influx of visitors. Utilizing panel data for the span 1995–2010, the quantitative 
findings have shown that clean energies and visitor entrants harm  CO2 pollution. They 
suggested that the influx of visitors would lead to a long-term decrease in carbon. In 
addition, Solarin (2014) discussed the long-term relationship involving  CO2 pollution 
and tourist arrivals, alongside many supplementary macroeconomic variables in Malay-
sia. Durbarry and Seetanah (2014) used the panel data from Mauritius from 1978 to 
2011 and noticed that there was a good association between both the release of  CO2 and 
the arrival of tourists.
Furthermore, Lee and Brahmasrene (2013) also inspected 27 members of the Euro-
pean Union. The results revealed that the factors in the issue were co-integrated. How-
ever, the study found that there is a long-term balance negative association between 
tourism and  CO2 pollution. The study showed that the factors under consideration had 
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a favorable effect on economic development. By following a bottom-up strategy, Tang 
and Abosedra (2014) found that the  CO2 pollution from the tourism sector was nearly 
eight times greater in 2012 than that in 1990 in China. The tourism industry’s produc-
tion of  CO2 is considerably greater than the cost of travel-related travel (80% of overall 
pollution). Al-Mulali et al. (2015) studied the association between the influx of visitors 
and the production of  CO2 in the transport industry. Test testing was carried out in five 
separate areas (Africa; Middle East; the Americas; Asia and the Pacific; and Europe). 
Illustrative factors, in the form of the influx of visitors, electricity use and urban growth, 
have had a positive effect on  CO2 pollution, given the fact that the market for the vaca-
tion industry in the European section is relatively weak. Stefanica and Butnaru (2015) 
claimed that the vacation industry is dependent on stylish of beautiful, pleasant in 
addition to the sustainable atmosphere than that ecological degradation, in the form of 
greenhouse gases and excess emissions, could interrupt and threaten the attractiveness 
of the world. Such influences can affect the buying behavior of consumers. Regarded the 
interaction involving  CO2 pollution, productivity growth, green energy and the influx 
of visitors. Utilizing panel statistics for the span of 1995–2010, the empirical findings 
revealed that clean energies and visitor arrivals harmed  CO2 emissions. They suggested 
that the influx of visitors would lead to a long-term decline in emissions. Additionally, 
Azam et  al(2018) study also resonated the tourism-induced emission level in Malay-
sia, Singapore and Thailand. The study reports that tourism shows a significant positive 
effect on the environment in Malaysia, while negative for Thailand and Singapore.
2.3  Energy use and pollution
The connection involving energy use and  CO2 pollution has been the key point of conten-
tion in the energy and ecological establishment for decades. This section is split into dual 
parts. The first segment refers to the link between the growth of the economy and energy 
usage, and the next segment refers to the association between energy usage and  CO2 pol-
lution. Most of the research has suggested strong ties regarding them. Efficient practices 
of any community are made up of the farming, processing and utility parts of the com-
munity, which require the use of vigor supplies to comply using the global fiscal growth. 
Such vigor supplies recycled throughout the system of change are primarily non-renewable 
effects, which release a lot of GHGs into the ecosystem, thereby compromising the sus-
tainability of the ecosystem and natural mankind. Zhang and Cheng (2009) have observed 
that GDP induces energy utilization in addition to long-term environmental emissions 
incurred by vigor utilization. In a survey of eight Asia–Pacific countries, Meng and Niu 
(2011) reported a long-term agreement, respectively, on  CO2 production, vigor utilize and 
fiscal advancement. Analogously, in the analysis of 27 industrialized nations, Saboori and 
Sulaiman (2013) showed a bi-directional correlation between energy utilization in the road 
traffic market, transport  CO2 exposure and economic advancement. The result revealed a 
clear positive association involving  CO2 pollution and energy utilization for both the long 
and short term, incorporating the ARDL as well as Granger causality method in the VECM 
panel evidence from Southeast Asian communities.
In addition, trend analysis results from the UAE headed by Sbia et al. (2014) showed 
that there was a strong correlation between energy consumption and economic growth. 
Akpan and Akpan (2012) also show that urbanization is unique to the basic drivers of 
the rise in  CO2 concentrations increasing electricity utilization. In conjunction, Ali et al., 
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(2017a, 2017b) reviewed the EKC (environmental Kuznets curve) hypothesis for the 
Malaysia study, and the result suggested that energy use and GDP growth are primary driv-
ers of  CO2 production in the country. The survey also demonstrates that there was a bi-
directional causal correlation involving  CO2 concentrations and energy utilization, whereas 
economic advancement and other unidirectional indicators were affected by Granger  CO2 
emitted. Additionally, Pao and Tsai (2010) find that long-term  CO2 concentrations are ine-
lastic to production, whereas energy utilization tends to be elastic. The observations also 
indicate the involvement of bi-directional cause and effect.
In another perspective, Lotfalipour et  al. (2010) reported, in the scenario of Iran, 
whereby long-term  CO2 production and utilization of fossil fuels do not harm one another. 
More recently, Azam et al (2018) explored the nexus between energy consumption, eco-
nomic growth and environmental quality for China. The country is reputed as among 
the high emitter of CO2 globally. The study employed the use of canonical cointegrat-
ing regression technique to investigate the relationship between foreign direct investment, 
energy use environment and economic growth. Empirical restudy shows that energy use 
has a significant positive effect on energy consumption, FDI environment and economic 
growth. These outcomes led to suggestions for a more effective policy for effective utiliza-
tion of energy utilization in China that can be pursued by government officials and stake-
holders. Azam et al(2019) also alluded to the pertinent contribution of energy consumption 
to the top 10 Asian economies as outlined by pooled mean group, fully modified ordinary 
least squares and dynamic ordinary least squares that gave credence to the energy-induced 
growth hypothesis in the investigated bloc. However, causation is to be taken on its envi-
ronmental implications.
2.4  Economic growth and pollution nexus
The connection involving economic activity and the ecosystem is a subject of dis-
course among several researchers in the current century. Adhering to Beckerman, there 
will be a major connection regarding profits and environmental conservation initia-
tives to reduce carbon pollution in the long run. For the very first time, Grossman and 
Krueger (1991) subsequently explored that urbanization would regulate the state’s  CO2 
emissions without government intervention. Grossman and Krueger (1991) as well as 
Selden and Song (1994) proposed that the EKC link existed between sustainable devel-
opment and protecting the environment, while proposed that enhancing the efficiency 
of the ecosystem if productivity growth is limited, environmental deterioration can 
be declined. Schmalensee et  al. (1998) analysis suggested a pivotal moment, which 
would be a better indicator of the twisted U-shaped relation around per capita revenue 
versus  CO2 concentrations from 1950 to 1990. However, in the instance of Malaysia, 
Ali et  al., (2017a, 2017b) studied the association regarding sustainable development, 
power utilization and  CO2 exposure in the context of supplementary regulation vari-
ables and then determined that productivity progress and energy utilization are core 
measures of environmental contamination. The study also turned out that greater social 
development will mitigate environmental emissions because there would be more 
spending on healthcare and prevention mechanisms, thus validating the role of EKC in 
the context of Malaysia. For the other extreme, there is a line of discourse that argues 
that urbanization is among the key causes of environmental destruction both within 
the established and growing world economies (Coondoo & Dinda, 2008). In a related 
context, De Bruyn et al. (1998) discussed that fiscal expansion is the major origin of 
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ecological deterioration and that there was no confirmation of an ECC association 
involving GDP growth and  CO2 leakage, other than a long-term N-shaped association, 
as there would be more ecological waste after a certain amount of investment (Howitt 
et al., 2010).
Likewise, several studies were undertaken in Turkey (Jalil et  al., 2013) found that 
a rise in economic activity contributes to a greater increase in quantities of  CO2 con-
tamination in the atmosphere, besides an N-shaped association occurs regarding fis-
cal activity and  CO2 pollution slightly than an inverse U-shaped association. Further-
more, in the situation of Turkey, Johanses and Juselius (1990) observed that there was 
no proof of an EKC association involving  CO2 pollution and economic development, 
although a linear association was formed between both variables. Not yet necessar-
ily, in the scenario of Malaysia, Ali et al., (2017a, 2017b) introduced the new trigger 
model and showed no proof of the historical association involving GDP progress and 
 CO2 pollution in the face of systemic improvements and energy utilization.
Although most previous studies attest that international tourist arrivals, energy con-
sumption and economic growth contribute significantly to pollutant emissions, yet there 
is no consensus in empirical outcomes. First, few strands of literature believed that, in 
the context of EKC, economic growth suppresses environmental degradation. Our study 
advances the arguments by augmenting the conventional linear carbon-income model with 
tourist arrival as a key determinant of GHGs for the case of G7. Second, to the best of 
our knowledge, few studies such as (Ișik et al, 2020; Wu et al., 2020) discuss the effects 
of international tourism arrivals using G-7 as a case study. However, this study employs 
robust econometric analysis consistent with literature such as pool mean group-autoregres-
sive distributed lag (PMG-ARDL), dynamic ordinal least square (DOLS) and full modified 
ordinary least square (FMOLS) for long-run regression among the outlined study variables, 
while for detection of causality direction Dumitrescu and Hurlin causality test is employed. 
Our study relies on first-generation panel analysis. Furthermore, cross-sectional depend-
ency (CD) test is used to accommodate the common shock effect among the blocs investi-
gated for the robustness purpose as well as avoid spurious analysis. This study, therefore, 
filled the missing gaps by estimating the impact of tourism proxied by international tourist 
arrivals GDP which measures the economic growth and consumption of energy on emis-
sions in G7 economies.
3  Data and methods
3.1  Data and variables
The yearly frequency data used in this study cover the period from 1995 to 2018 for 
G7 countries (i.e., USA, UK, Germany, France, Canada, Italy and Japan). The vari-
ables considered include tourist arrivals (number of tourists), GDP (measured in con-
stant 2010 US$), energy use (kg of oil equivalent per capita) and  CO2 emissions per 
capita (measured in metric tons). As shown in Table 1, all data are sourced from the 
World Bank Development Indicator (World Bank, 2020). For the  CO2 emission, data 
from 1995 to 2016 were obtained from the World Bank Development Indicator (World 
Bank, 2020), while the remaining years (i.e., 2017 and 2018) data from the British 
petroleum database (Table 2) (BP, 2020).
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3.2  Model and method
Several studies in the literature have investigated the nexus between tourism and  CO2 
emissions (Byrnes and Warnken, 2006; Gossling, 2002; Gossling & Hall, 2006; Howitt 
et al., 2010; Lin, 2010; Scott et al., 2010; Peeters et al., 2007), while some others focused 
on energy and  C02 emissions (Akpan & Akpan, 2012; Meng & Niu, 2011; Saboori & 
Sulaiman, 2013; Sbia et al., 2014; Zhang & Cheng, 2009), yet some on GDP and  C02 emis-
sions (De Bruyn et al. (1998); Coondoo & Dinda, 2008; Howitt et al., 2010; Jalil et al., 
2013; Ali et al., 2017a, 2017b).
However, this study is distinguished from previous studies in that it combines tourism, 
economic growth and energy use as determinants of  CO2 emissions in the G7 countries 
which contribute more than 46% of global GDP. The model equations for this study are as 
follows:
The study adopts a logarithmic transformation of all variables to ensure that the vari-
ance remains constant across all the series, where  LnCO2, LnGDP, LnTR, LnEU are 
logarithmic transformations of all variables, and βs represent the stochastic, intercept 
and partial slope coefficients, respectively, and the it represents the error term of the 
equation. As stated early, GDP represents economic growth, TR denotes tourism arrival, 
(1)CO2 = f (GDP, TR, EU)
(2)LnC02 = 0 + 1LnGDPit + 2LnTRit + 3LnEUit + it
Table 1  Description of data and measurement units
WDI is a connotation for data from World Bank Development Indicator of the World Bank database 
sourced from https:// data. world bank. org/. WUI = This tab contains the beta version of the historical World 
Uncertainty Index (WUI) for 82 countries from 1952Q1 to 2019Q3. The tab contains a moving average 
index. The 3-quarter weighted moving average is computed as follows: 1996Q4 = (1996Q4*0.6) + (1996Q3
*0.3) + (1996Q2*0.1)/3
Name of indicator Abbreviation Proxy/scale of measurement Source
Carbon dioxide emissions per capita CO2 measured in metric tonnes WDI and BP
Gross Domestic Product GDP Constant 2010 US$ WDI
Tourist Arrivals TR Number of arrivals WDI
Energy Use EU kg of oil equivalent per capita WDI
Table 2  Correlation matrix 
Source: Authors computation




p value (0.0000) –
LnGDP 0.549936*** 0.531230*** 1.000000
p value (0.0000) (0.0000) –-
LnTR 0.444069*** 0.108392 0.270806*** 1.000000
p value (0.0000) (0.1619) (0.0004) –
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EU denotes energy use, and  CO2 used as a dependent variable for the estimation denotes 
carbon dioxide emissions per capita, slope coefficients, respectively.
To ascertain whether to apply the first-generation or the second-generation panel data 
econometric technique, the cross-sectional dependency (CD) test was carried out. The 
estimators are incomplete, contradictory and useless if the CD is not considered (Ade-
doyin et al, 2021). The study used the CD test for the robustness purpose. The CD test 
takes a null hypothesis of no cross-sectional dependence, and the equation is specified 
as:
We adopt three methods of estimation, FMOLS and DOLS, and the pooled mean 
group-ARDL by Pedroni (2001), respectively, for the robustness of the analysis. For-
tunately, the DOLS while correcting for correlation between the dependent variable 
and the stochastic term it also adds lags of the independent variables. The FMOLS and 
DOLS estimators enable the calculation of asymptotic coherence by taking serial cor-
relation into account as well as the endogeneity introduced by the presence of a cointe-
grating interaction. FMOLS and DOLS can be used only if the variables are integrated. 
Thus, this study estimates long-term elasticity using FMOLS and DOLS.
The DOLS is estimated using Eq. 2, which is given as:
p and q are the numbers of leads/lags. The long-run relationship is estimated from 
the FMOLS equation given as:
where x 5*1 vector of explanatory variables is, i is the intercept, while ℭi.t and vit are the 
error terms. However, the estimation of  is expressed as:
This study assesses both the short- and long-run estimates using the procedure. The 
examination continued with assessing the tourism GDP energy emissions nexus pre-
sented in Eq.  (1) in an autoregressive distributed lag (ARDL: p, q) framework that 
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where  Zit =  (LnGDPit,  LnTRit,  LnEUit) which is a vector of explanatory variables used in 
this study. βi represents the country-level fixed effects, δij denotes the slope of the lagged 
emissions variable, and φi, j represents the slope of lagged explanatory variables.
The PMG-ARDL cointegration technique has become popular in empirical research 
because of its useful econometric benefits against the traditional panel data models. The 
new feature of the test concerns its ability to accommodate endogeneity issues in econo-
metric models and at the same time treat both short-run and long-run parameters. The 
ARDL cointegration test is known for its adaptability regarding the appropriateness in 
a mixed order of integration such as I (0) or/and I (1) however unquestionably not I (2). 
Uncovered that the pool mean group (PMG) estimator is reliable, robust to lag orders 
and outliers.
4  Results and discussion
4.1  Pre‑estimation diagnostics
Table 3 presents the summary statistics for the group of countries which includes the 
meaning, standard deviation, minimum and maximum, skewness and kurtosis values 
for the main variables of interest in the study. Tourist arrivals (LnTR) have the highest 
mean, median and maximum values. Energy use (LnEU) has the lowest value, while 
 CO2 is the most dispersed among the variables. The correlation matrix shows that there 









Table 3  Summary statistics 
Source: Authors computation
LnCO2 LnEU LnGDP LnTR
Mean 13.59349 8.408557 10.62534 24.28922
Median 13.20523 8.294717 10.62813 24.35715
Maximum 15.57160 9.042578 10.90740 26.26901
Minimum 12.62240 7.789241 10.33135 22.31128
Std. dev 0.877578 0.368496 0.125509 0.843420
Skewness 1.324949 0.582196 0.042169 0.092158
Kurtosis 3.540713 1.935173 2.254958 3.078135
Jarque–Bera 51.20028 17.42767 3.935407 0.280544
Probability 0.000000 0.000164 0.139777 0.869122
Sum 2283.706 1412.638 1785.057 4080.589
Sum sq. dev 128.6140 22.67681 2.630674 118.7967
Observations 168 168 168 168
Table 4.  Cross-sectional 
dependency test
***, ** and * are 1%, 5% and 10% significant level, respectively
Dependent/ models
LNCO2=f(LNGDP, LNTR, LNEU) 2.429 (0.216)
To what extent are pollutant emission intensified by…
1 3
is a positive association between the dependent variable  CO2 emissions and the inde-
pendent variables in the model; GDP, tourist arrivals and energy use.
However, after accessing the correlation among the variables, it was important to 
prove with evidence of CD in the constructs as presented in Table 4. With the outcome, 
the analysis cannot proceed with analytical techniques that are robust with the CD test, 
but techniques that are robust with the first-generation test because both of the CD tech-
niques use were not significant.
Consequently, we adopt the ADF Fisher and Phillips–Perron unit root tests and we find 
that none of the variables is stationary at level, while all of them are stationary at first dif-
ference but the various level of significance as shown in Table  5. However, in Table  6, 
the Pedroni cointegration test suggests that there exists a long-run cointegration relation 
between  CO2 emissions, tourist arrivals, energy use and GDP in the G7 countries. Hence, 
Table 5  Unit root test




At level At  1st Level At level At  1st Level
Variables        
LnCO2 0.1118 0.2482 0.0005*** 0.0031*** 0.1102 0.2421 0.0001*** 0.0007***
LnGDP 0.8606 0.2728 0.0004* 0.0021 0.8968 0.2728 0.0003* 0.0015
LnTR 0.9613 0.6426 0.0027** 0.0101* 0.9613 0.5775 0.0027** 0.0101*
LnEU 0.5736 0.3574 0.0002** 0.0011* 0.6377 0.3574 0.0001** 0.0009*
Table 6  Pedroni cointegration test
***, **, * represent statistical rejection level at 0.01, 0.05 and 0.10 percent, respectively
Deterministic intercept and trend
Weighted stat p value Statistic p value
Panel v-Stat − 1.969546 (0.9756) Group rho-Stat 0.521536 (0.6990)
Panel rho-Stat − 1.290861* (0.0984) Group PP-Stat − 8.622613*** (0.0000)
Panel PP-Stat − 11.62436*** (0.0000) Group ADF-Stat − 6.028199*** (0.0000)
Panel ADF-Stat − 9.663486*** (0.0000)
No deterministic trend
Panel PP-Stat − 8.977449*** (0.0000) Group ADF-Stat − 7.441806*** (0.0000)
Panel ADF-Stat − 8.722065*** (0.0000)
No deterministic intercept or trend
Panel v-Stat − 0.089901 0.5358 Group rho-Stat − 1.639400* (0.0506)
Panel rho-Stat − 3.226552*** (0.0006) Group PP-Stat − 6.024529*** (0.0000)
Panel PP-Stat − 6.388866*** (0.0000) Group ADF-Stat − 6.682539*** (0.0000)
Panel ADF-Stat − 6.714354*** (0.0000)
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we estimate the impact of tourist arrivals, energy use and GDP on  CO2 emissions for G7 
countries over the period 1995 to 2018.
4.2  Dynamic panel data estimations
The result of the OLS, FMOLS and DOLS regression is reported in Table 7. GDP has a 
positive and significant impact on emissions in the FMOLs estimate, but no significant 
impact is reported in the OLS and DOLS estimation. Specifically, a 1% rise in economic 
growth will lead to a 0.205% rise in  CO2 emissions. This result is as expected, giving that 
the G7 is the most industrialized group of counties in the world and constitute 46% of 
world GDP. Often large-scale economic activities such as manufacturing and industrial 
constitute  CO2 emissions, and it affirms the finding of, Bekun and Gyamfi (2020) and Sar-
pong et al (2020).
Tourism is a driver of  CO2 emissions as shown by OLS estimates, while it does not 
affect emissions in the DOLS and FMOLS estimations. Specifically, a 1% rise in tourist 
arrivals will increase emissions by 0.328%. This signifies that the tourist-related activities 
in the G7 countries contribute to environmental degradation especially that all G7 coun-
tries are among the top tourist destinations in the world attracting more than 40 million 
tourists visit annually. Tourist activities such as transportation contribute immensely to 
 CO2 emissions which depletes the quality of the environment. The finding affirms Sarpong 
et al (2020), Adedoyin and Bekun (2020), Gossling (2013) and Katircioglu, (2014).
Energy use is an important driver of  CO2 emissions as shown by the OLS, DOLS and 
FMOLS. Specifically, a 1% rise in energy use will lead to about a 1% rise in  CO2 emis-
sions. The one-to-one relationship between energy use and emissions points to the huge 
demand for combustible energy in the G7 countries. This result also points out the fact that 
combustible fuel maintains a significant share of the G7 energy mix. Hence, energy use in 
the region makes such a huge contribution to emissions. Interestingly, energy use has the 
strongest explanation for emissions in the model signifying that energy use is the biggest 
contributor to emissions in the bloc. The outcome however confirms the finding of Ade-
doyin et al (2020a), Gossling and Peeters (2015) and Sbia et al. (2014).
In Table 8, we report regression results from PMG-ARDL where we show the short-run 
and long-run relationships. Results show that GDP makes a significant contribution to  CO2 
emissions in the short run and the long run. Specifically, a 1% rise in GDP will increase 
Table 7  OLS, DOLS and 
FMOLS estimations
***, **, * represent statistical rejection level at 0.01, 0.05 and 0.10 
percent, respectively
Variables OLS DOLS FMOLS
LnGDP − 0.319727 0.081096 0.205001**
p value (0.1152) (0.5049) (0.0153)
LnTR 0.328237*** 0.026011 0.007784
p value (0.0000) (0.4035) (0.7129)
LnEU 1.072820*** 1.012490*** 0.896588***
p value (0.0000) (0.0000) (0.0000)
R-SQUARE 0.404798 0.999017 0.997785
ADJ R-SQUARE 0.397584 0.998060 0.997653
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emissions by 0.496562 and 0.495% in the short run and long run, respectively. This result 
confirms earlier results that economic activities in the G7 countries contribute significantly 
to pollution and environmental degradation. This finding agrees with that of Jalil et  al., 
(2013) for Turkey and Akpan and Akpan (2012) for Nigeria. Large-scale industrial activi-
ties in the G7 are responsible for a great portion of  CO2 emissions in the world.
Tourism on the other hand has no effect on environmental quality in the short run or 
the long run implying that tourist activities do not make a significant impact on the deple-
tion of the environment. This outcome aligns with the findings of Durbarry and Seetanah 
(2014) for Mauritius and Balli et al (2019) for 15 Mediterranean countries.
Consequently, energy use is found to have an important impact on rising emissions in 
the G7 countries in the short run and the long run. As shown by the results in Table 8, a 1% 
increase in energy use will bring about an increase in emissions by 0.49 and 0.87% in the 
short run and long run, respectively. This result is in line with Saboori and Sulaiman (2013) 
for South-East Asian countries and Ali et al., (2017a, 2017b) for Malaysia. Even though 
the strength of the LNEU coefficients in this result does not appear as strong as those in the 
DOLS and FMOLS estimates, it still shows that the energy use in the G7 constitutes a great 
portion of  C02 emissions. This entails that as the G7 countries continue to demand energy, 
there will be a rise in emissions that are harmful to the natural environment.
4.3  Causality tests
Causality tests in Table 9 show that there is no causality between  LnCO2 and LnTR and 
LnEU and LnGDP. There is unidirectional causality from  LnCO2 to LnEU,  LnCO2 to 
LnGDP, LnTR to LnEU, LnGDP to LnTR. This result implies that tourism, energy use and 
economic growth have no direct effect on emissions. However, emissions predict economic 
growth and energy. Also, tourist arrivals predict energy use even as economic growth pre-
dicts tourism.
From the short-run analysis, it was confirmed that economic growth increases pollu-
tion within the G7 economics affirming the findings of Jalil et al., (2013) for Turkey and 
Akpan and Akpan (2012) for Nigeria. Energy use on the other hand also shows a positive 
Table 8  PMG-ARDL (2, 1, 1, 1)
***, **, * represent statistical rejection level at 0.01, 0.05 and 0.10 
percent, respectively
Long-run equations
Variables Coefficient Std. error t-statistic p value
LnGDP 0.495111*** 0.091534 5.409029 0.0000
LnEU 0.873052*** 0.087325 9.997745 0.0001
LnTR 0.005933 0.026150 0.226905 0.1235
Short-run equation
Variables Coefficient Std. error t-statistic
COINTEQ 01 − 0.328041*** 0.113505 − 2.890110 0.0000
D(LnCO2(-1)) − 0.140161 0.114853 − 1.220351 0.2132
D(LnGDP) 0.473914** 0.186006 2.547844 0.0412
D(LnEU) 0.496562*** 0.179064 2.773104 0.0000
D(LnTR) − 0.032146 0.023973 − 1.340917 0.3245
C 0.364358*** 0.228520 1.594421 0.0000
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relationship with emission indicating energy used increases pollution in the short run 
within the G7 economics. This result is in line with Saboori and Sulaiman (2013) for 
South-East Asian countries and Ali et al., (2017a, 2017b) for Malaysia. Nevertheless, tour-
ism has shown a negative but significant connection with emissions in the short run.
The Ganger causality revealed that there is a one-way causality between these variables: 
 CO2 emission and energy use,  CO2 emission and economic growth, tourism and economic 
growth and economic growth and tourism.
4.4  Discussion of findings
This study utilized the OLS, FMOLS, DOLS as well as the pool mean-ARDL for estima-
tion of the impact of tourism arrival, economic growth and energy use on  CO2 emission 
for the G7 economics. From the analysis, it was observed that economic growth increases 
environmental degradation in the long run which affirms the finding of, Bekun and Gyamfi 
(2020) and Sarpong et al (2020). However, tourism is also a driver of emission in the G7 
economy. This signifies that the tourist-related activities in the G7 countries contribute 
to environmental degradation especially that all G7 countries are among the top tourist 
destinations in the world attracting more than 40 million tourists visit annually. Tourist 
activities such as transportation contribute immensely to  CO2 emissions which depletes 
the quality of the environment. The finding affirms Sarpong et  al (2020), Adedoyin and 
Bekun (2020), Gossling (2013) and Katircioglu, (2014). Moreover, energy use also leads 
to an increase in emission in the G7 economics. This result also points out the fact that 
combustible fuel maintains a significant share of the G7 energy mix. Hence, energy use in 
the region makes such a huge contribution to emissions. Interestingly, energy use has the 
strongest explanation for emissions in the model, signifying that energy use is the biggest 
contributor to emissions in the bloc. The outcome however confirms the finding of Ade-
doyin et al (2020a), Gossling and Peeters (2015) and Sbia et al. (2014). This result implies 
that tourism, energy use and economic growth have no direct effect on emissions. How-
ever, emissions predict economic growth and energy. Also, tourist arrivals predict energy 
use even as economic growth predicts tourism.
Table 9  Heterogeneous causality 
test
***, **, * represents statistical rejection level at 0.01, 0.05 and 0.10 
percent, respectively, while the symbol ≠ denotes does Granger cause
Null hypothesis: Z-bar Stat p value
LnEU ≠  LnCO2 − 0.40003 (0.6891)
LnCO2 ≠ LnEU 3.00750*** (0.0026)
LnGDP ≠  LnCO2 − 0.49731 (0.6190)
LnCO2 ≠ LnGDP 1.90148* (0.0572)
LnTR ≠  LnCO2 1.23085 (0.2184)
LnCO2 ≠ LnTR − 0.77288 (0.4396)
LnGDP ≠ LnEU 1.35953 (0.1740)
LnEU ≠ LnGDP 0.28260 (0.7775)
LnTR ≠ LnEU 1.94555* (0.0517)
LnEU ≠ LnTR 0.44597 0.6556
LnTR ≠ LnGDP 0.94475 (0.3448)
LnGDP ≠ LnTR 2.07469** (0.0380)
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5  Conclusion and policy implications
This study is different from previous studies in that it jointly investigated the impact of 
tourist arrivals, energy use and economic growth on  CO2 emissions in the G7 countries for 
the period 1995 to 2018. Using DOLS, FMOLS and PMG-ARDL estimation techniques, 
empirical results show that economic growth tourism and energy use are strong drivers of 
emissions. Moreover, the short-run analysis revealed that economic growth and energy use 
also increase emissions. While causality test revealed that there is unidirectional causality 
from  CO2 to energy use,  CO2 to GDP, while also tourist and GDP to tourist arrivals imply-
ing that tourism, energy use and economic growth have no direct effect on emissions, but 
rather emissions were found to predict economic growth and energy, while tourist arrivals 
predict energy use even as economic growth predicts tourism.
On the policy front, the study found that tourism contributes to emissions in the G7 
countries which shows that effective promotion of environmentally friendly tourism is 
needed in the host countries within the G7 economics. In line with this, more emphasis 
should be paid to green tourism in the G7 to achieve more significant results in reducing 
tourism-related emissions. The governments of these nations must concentrate on diversi-
fying economic transactions into areas that can be sustained by the countries’ resources. 
However, fishery, manufacturing and service are examples of such operations. Tourist rev-
enues, on the other hand, can be used to improve urban infrastructure, thus stimulating the 
growth and development of other economic initiatives. Nevertheless, energy use strongly 
drives emissions and consequently environmental degradation. Hence, the study suggests 
that the G7 countries implement a more aggressive energy mix policy that will comprise 
majorly be renewable sources of energy to reduce the harm caused on the environment 
as a result of the use of non-renewable energy. In the same line, it is important to check 
economic activities that lead to a large number of emissions through carbon tax levied on 
firms and countries that emit high amounts of  CO2 during economic activities.
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